Abstract -In order to apply the robot to medical institution, a mobile medical service robot arm is designed. Firstly, according to the design requirements and the ergonomic theory, the various configurations of the mechanical arm are analysed. The optimal configuration of the mechanical arm is obtained by using the global relative manipulability value as the index. Secondly, according to the application and function of mobile service robot, the maximum working space distance index, static stiffness performance index and global velocity fluctuation performance index of arm performance are proposed. On this basis, the mathematical function model of robot arm size optimization is established. Finally, according to the characteristics of the multi-objective and multi-constraint of the optimization function model, the multi-objective particle swarm optimization algorithm based on the Pareto dominance principle is chosen as the solving method. The results show that the size optimization is very effective in reducing the speed fluctuation of the mechanical arm during motion. Therefore, through the combination of topology optimization and size optimization, the mechanical arm has the characteristics of high stiffness, light weight, flexible and stable.
Introduction
With the progress of science and technology and the development of robot technology, the field of robot applications continue to extend to people's daily life [1] .
The working environment is no longer confined to the cold factories, workshops and other fixed places. It has entered the museum, science and technology museum, hospitals, families and entertainment. The relationship between robot and human is more and more close, and the concept of service robot is produced [2] . In foreign countries, the robot technology developed in Japan, as early as the 80s of last century, began to study the humanoid service robot. It hopes to replace the nanny, nurse and other human service robots to provide services for mankind. South Korea is promoting the industrialization of service robots, trying to let service robots into the ordinary family [3] . With the application and popularization of robot in family, hospital and other occasions, it can effectively alleviate the contradiction between supply and demand of domestic service personnel brought by aging population. The task of mobile service robot is mainly accomplished by arm cooperation. Thus, the performance of the mechanical arm has an important impact on the overall dynamic performance of the entire service robot. Most of the services of robotic robots in China are not specifically designed for the characteristics and applications of service robots. It only transplants the structure of the industrial robot arm to the service robot by experience. Service robots and industrial robots have different application fields [4] [5] [6] [7] .
Therefore, the service robot with industrial robot arm has the disadvantages of heavy weight, inflexible movement and slow response, which cannot meet the requirements of lightweight, comfortable and dexterous. The rational design of the mechanical arm structure is of great significance to improve the safety of the robotic manipulator and the dexterity of the operation. By using the basic theory of physiology, psychology, anthropometry, biomechanics, ergonomics, and engineering and other related disciplines, the interaction between "human-machine-environment" systems is analysed and studied. It creates a safe, comfortable, healthy and efficient working environment for the operator. Over the past decade, service robots in some developed countries and regions have been vigorous development and achieved fruitful results [8] [9] [10] [11] . Various types of intelligent service robots have been introduced in various countries. However, the focus and direction of each country are different.
2.Design of mechanical arm

Design specifications and design criteria
The goal of this project is to design a mechanical arm for mobile robots, making it highly rigid, lightweight, flexible and stable. The design of the indicators is shown in Table 1 . It is the main basis for the subsequent design of the mechanical arm. 
Configuration
The humanoid arm configuration is used, and the joint is rotational form.
Load
The maximum load that can be grabbed is 2kg.
Rotating speed The maximum angular velocity of each joint is 1.57rad/s.
Arm length
Compact, single arm maximum elongation is not more than 650mm. Other
The movement is flexible and stable, and the gripper or other mechanical arm can be installed at the end.
The designed mechanical arm can reflect the characteristics of robot arm of mobile service robot. It should have a lighter quality, better amenity and more dexterity, instead of transplanting an industrial mechanical arm into a service robot with experience. The mechanical arm has good mechanical properties. It avoids the difficulty of designing the control system due to the poor mechanical performance, which affects the final dynamic performance of the mobile service robot. According to the application, and combined with the relevant design theory, from the aspects of function, structure, ergonomics and aesthetics, several guidelines on the design of mobile robotic mechanical arm are proposed:
First, in function, according to the design specifications and functional requirements, the number of degrees of freedom of the robot arm is reasonably chosen. In addition, it is reasonably configured, and the optimal configuration is selected. It can simulate the human body arm to complete the basic action. The end effector has the flexibility to reach the various mission targets within the scope of the work.
Second, in the structure, the structure of the mechanical arm design should be reasonable, to avoid the structure cannot exercise and other issues. The connection of each component is simple and lightweight, which is easy loading and unloading. The simpler the structure, the better the stability.
The more compact the structure, the higher the space utilization. The more flexible the movement, the more convenient the control.
Third, in human engineering, the designed mechanical arm should have better working stability and safety, and it cannot pose a harm to people's safety. At the same time, it should have a better pleasant, to increase the user's favourability of the product, so as to obtain visual and psychological intimacy.
Determination of the dimensions of the arm and the range of the joint rotation
The ultimate goal of designing a service robot is to make it serve human beings. If the joint angle and shape of robot are similar to human, it has good amenity and enhances people's cordial feeling. More importantly, there is no need to design the working environment and tools for the robot alone [12] .
Therefore, the size of the various parts of the arm should be as close as possible to the size of the human arm. However, the proportion of people in different countries and regions is different. It is difficult to determine a consistent size as a design standard. In view of this, in GB10000-1988 "Chinese adult human size", the size of each part of the human body is specified in detail. Table 2 is the main size of the human body arm. Here, this is only a reference for the dimensions of the mechanical arm, and it is not the only basis for determining the size. The end users of mobile service robot are old people. Considering people hunched phenomenon in old age, for the elderly and robot interaction, the dimensions of each part in this paper are slightly smaller than those in Table 2 . The size of the robot is as follows: height is 1.7m, shoulder width is 0.51m, arm length is 0.30m, arm length is 0.23m, wrist length is 0.11m. In order to achieve the best performance indicators, the size of each part can be changed within a certain range. The rotation of the joints of the human arm makes it possible to flexibly complete a variety of complex movements. In order to make the service robot arm more flexible in the process of movement, it is necessary to make each joint have a reasonable range of rotation. The torque values of each joint are shown in Table 3 . The range of motion of each joint in Table 3 is compared with the range of human arm movement. It can be seen that the angular range of each joint of the mechanical arm reaches the rotation range of the human arm. And even the range of joint rotation is greater than the angle of the arm. The mechanical arm can simulate all the complex movements of the human body arm.
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Mechanical arm structure of the material lightweight
Reasonable selection of materials is an effective way to achieve lightweight [13] . The commonly used service robot connecting rod material is 2A12 aluminium alloy.
However, the yield strength of 2A12 aluminium alloy is relatively low, which makes the structural safety factor of the designed aluminium alloy lower. The material of the mechanical arm structure is 7075-T6 aluminium alloy with better performance in this paper. 075-T6 is reputed as the most excellent product in aluminium alloy. It has a high strength and a high light density ratio. After solution treatment, the plasticity is good, and the process ability is good. After heat treatment, the strengthening effect is obvious. It is widely used in the fields of automobile, navigation and aviation. The performance comparison between 7075-T6 aluminium alloy and 2A12 aluminium alloy material is shown in Table 4 . 
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As can be seen form Table 4 , the yield strength of 7075-T6 aluminium alloy is obviously higher than that of 2A12 aluminium alloy, and the density is lower than that of 2A12 aluminium alloy under the same elastic modulus and Poisson's ratio. The yield strength is increased while reducing the weight of the mechanical arm.
Topological lightweight of mechanical arm structure
Topology optimization is an effective method for obtaining high stiffness and lightweight mechanical arm. Topology optimization can reduce the quality of the robot arm, so that the total flexibility of the arm is decreased [14] .
The stiffness of the mechanical arm is increased while the quality of the arm is reduced. The topology optimization process is typically to separate the design area into a sufficiently small sub-design area.
Then, according to some optimization strategy, some areas are removed from the sub-design area. The reserved area is used to express the optimal topology of the structure. Combined with the above analysis and Patran topology optimization principle, the process of topology optimization using Patran software is summarized, as shown in Figure 1 .
Figure 1. Flow chart of topology optimization
As can be seen from the topology optimization flow chart, it is necessary to determine the topological optimization design area and nondesign area according to the actual structure before topology optimization. The lower arm is made up of two separate parts.
The design area is relatively small. The effect of topology optimization is not obvious. Therefore, only the big arm is optimized by topology. The connection between the big arm and the drive module is defined as a non-design area. The rest is defined as the design area.
Patran software has a very powerful pre-and post-processing capabilities. The 3D arm model of Solidworks software is imported into Patran software [15] . The big arm is cut according to the design area and non-design area. 7075-T6 aluminium alloys are used in both design and nondesign areas. After the topology optimization, the iterative process of the objective function can be obtained according to the information provided by the result file, as shown in Figure 2 . 
Figure 2. Iterative process of topology optimization for big arms
It can be seen that the flexibility of the bog arm after optimization is reduced, that is, the static stiffness increases. Topology optimization belongs to the category of conceptual design, and the results cannot be directly applied to the actual mechanical arm. It also needs to consider the feasibility of manufacturing, processing technology, ease of production and other factors to redesign the topology optimization structure. The following structural re-design ideas are provided:
First, the pseudo-density value of the larger units is mainly concentrated in the design area of the two sides, which shows that both sides bear a greater force. Therefore, the material should be distributed mainly in both sides of the design area.
Second, in the process of adjusting the topology-optimized material volume threshold, the unit in the middle of the design side of the two walls disappears first. Thus, on the sidewall, the intermediate material can also be properly removed.
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Thirdly, in order to enhance the strength of the boom, there is a stiffener in the design area. At the same time, a special reinforcement is applied to the design area and the non-design area, in order to avoid stress concentration at the structural transition.
Experiment
Quality constraint condition
One of the objectives of this project is to realize the lightweight of the robot arm. The speed fluctuation of the mechanical arm cannot be reduced by increasing the weight of the mechanical arm. The work space cannot be increased by increasing the quality of the mechanical arm. That is to say, the size of the big arm and the lower arm after the size optimization cannot be greater than the quality before optimization. In the previous chapter, the lightweight of the big arm and the whole mechanical arm are realized from two aspects of topological lightweight and material lightweight. In this case, it is treated only as a constraint. In formula (1), m10 is the mass before the optimization of the big arm, and m1 is the mass after the optimization of the big arm. m20 is the mass before the optimization of the lower arm, and m2 is the mass after the optimization of the lower arm.
Using Solidworks software, the mass of the big arm before optimization is m10=1.777kg, and the mass of the lower arm before optimization is m20=1.777kg. In order to optimize the convenience, the constraints are transformed into the form related to the design variables. Because the actual shape of the robot arm is complex, it is necessary to simplify the structure in the process of conversion. According to the geometrical characteristics of the big arm and lower arm, the big arm is simplified as a hollow beam with constant cross section, and the lower arm is simplified as a hollow cylinder with constant cross section. Before and after simplification, the mass, centroid position and inertial tensor of the arms and sizes are consistent with the original parameters.
The simplified big arm diagram of a mobile service robot is shown in Figure 3 . The simplified lower arm diagram of a mobile service robot is shown in Figure 4 . 
Simulation verification and result analysis
After the trajectory planning is completed, consider the angle range of each joint, the inverse kinematics is used to find the variation curve of the joint angular displacement of the mechanical arm. It is introduced into the Adams simulation software as a data point and is fitted into a spline curve as the driving of each joint. The Adams simulation is carried out. The angular velocity curve of each joint is shown in Figure 5 . The angular velocity of each joint changes is as shown in Table 5 . In Figure 5 , the solid line represents the angular velocity curve of each joint of the optimized arm, and the dotted line represents the angular velocity curve of each joint of the optimized front arm. It can be seen from the figure that the angular velocity amplitude of each joint before optimization is different in different degrees. As can be seen from Table 5 , the angular velocity of joint 3 decreases by a maximum of 3.0255%. The amplitude of the angular velocity of joint 6 is the smallest, which is 0.9335%. The angle amplitude of the rest joints decreased by 1%~3%. The average angular velocity and the mean square root of each joint before and after optimization are reduced to varying degrees. The root means square value of the angular velocity of the joint 6 is the largest. After optimization, it decreased by 5.5885%. The root means square value of the angular velocity of the joint 3 before and after optimization is the smallest.
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After optimization, it decreased by 0.0937%. The range of the angular velocity before and after the optimization of the rest joints is between 1%~3%. In general, the speed fluctuation of the manipulator is reduced by optimization, and the optimization effect is obvious.
Conclusion
The main goal of this paper is to design a mechanical arm for mobile service robot. It has the characteristics of high rigidity, light weight, flexible and smooth movement. Based on the application situation and characteristics of mobile service robot, the design criteria, optimal configuration, topology optimization, finite element analysis, size optimization and optimization algorithm are studied. The structural design criteria of mobile service robot arm in accordance with human engineering requirements are proposed. The optimal configuration of the manipulator is obtained, which makes it have the flexibility similar to human. The multi-objective particle swarm optimization algorithm is perfected to improve the accuracy of the algorithm. The improved algorithm is used to solve the size optimization model. By comparing the before and after velocity fluctuation index values and the simulation experiments, the feasibility and effectiveness of the size optimization suppression velocity fluctuation are verified.
Through the combination of topology optimization and performance index size optimization, the designed manipulator has the characteristics of high stiffness, light weight, flexibility and stability.
